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Project Abstract 
This project will examine inert fuels containing ZrO2 and MgO as the inert matrix, with 
the relative amount of MgO varied from 30 % to 70 % in ZrO2.  Reactor physics 
calculations will be used to examine suitable quantities of burnable poisons from the 
candidate elements Gd, Er, or Hf with reactor grade Pu providing the fissile component, 
with up to 10 % of 239Pu.  Ceramics will be synthesized and characterized based on the 
reactor physics results.  The solubility the fuel ceramics, in reactor conditions, 
reprocessing conditions, and repository conditions, will be investigated in a manner to 
provide thermodynamic data necessary for modeling.   
 
Work performed in this quarter (July 2004 to September 2004) 
 
In this quarter work was performed on synthesis of ceramics and reactor physics 
calculation.   
 
Ceramic Pellet Synthesis 
The inert fuel matrix project is underway with progress in ceramic synthesis and 
pellet assembly. Zirconium oxide and magnesium oxide ceramics in varying ratios are 
synthesized from aqueous Zr4+ and Mg2+ ions prepared from zirconium chloride (ZrCl4) 
and magnesium chloride hexahydrate (MgCl2•6H2O), respectively. From this solution, 
hydroxides of these two metals are precipitated using ammonium hydroxide. The 
precipitate is filtered, ground to a powder, and calcined at 700 oC for one hour to drive 
off the water of hydration. The product is zirconium oxide (ZrO2) and magnesium oxide 
(MgO). Starting with ions in solution, precipitating out together will yield a higher 
probability of the final product being a zirconium oxide and magnesium oxide solid 
solution. 
A pellet die was developed from a similar design used at Argonne National 
Laboratory – West. Powdered ceramics are pressed into pellets are pressures around 100 
MPa using a laboratory press. The formed pellets are sintered at 1500 oC for 4 hours 
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under an argon atmosphere. Finished pellets are 1 cm by 1 cm diameter cylinders 
resembling nuclear fuel pellets (Figure 1).  Near term efforts will focus on 
characterization of existing pellets, synthesis of pellets with differing Zr:Mg ratios, and 
initial synthesis of uranium containing pellets.  
 
 
Figure 1.  MgO-ZrO2 pellets synthesized from precipitation of metal salts 
 
Reactor Physics Calculations 
 
A number of benchmark calculations for a standard PWR unit cell and 17x17 fuel 
assembly were performed with the code BOXER.  BOXER is a modular code for two-
dimensional neutron transport calculation of LWR fuel lattices. The main modules of the 
code are: 
 
Cell calculation module  
In every configuration to be treated, the most important cell from the point of view of the 
neutron spectrum is chosen as the "principal cell type". It is calculated with white 
boundary conditions. Its outgoing partial currents can be used as boundary conditions for 
other cell types and for the homogeneous materials. The cell calculation begins with the 
resonance calculation in two material zones and about 8000 lethargy points depending on 
the composition of the material, employing collision probability method. The resulting 
ultra fine spectrum is used as weighting function to condense the pointwise cross sections 
into groups. Afterwards, a one-dimensional flux calculation is done with a transport 
theory in cylindrical or slab geometry and in 70 energy groups, in all zones of the cell. 
Then the cross sections of the cell are condensed spatially as well as energetically. The 
cross section library is primarily based on JEF-1 evaluated data file. 
 
Two-dimensional modules: 
The configuration is represented by a X-Y mesh grid. Fuel and water cells are 
represented explicitly. The flux distribution can be calculated by either diffusion or a 
transport module. The results are the multiplication factor - keff, neutron flux, power 
distribution, and reaction rates.  
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Burnup module:  
The evolution of isotopic densities for each material is calculated using reaction rates 
collapsed to one group by weighting with the multigroup fluxes from the cell- and the 
two-dimensional calculations. The time dependence of the nuclide densities is described 
by Taylor series.  The nuclide densities with high destruction rates are assumed to be 
asymptotic. An iterative correction adjusts the fluxes within the time step in order to keep 
the power constant. The effect of the changing spectrum on the reaction rates is taken into 
account by a predictor-corrector method and by density dependent one-group cross 
sections within the time step for 239Pu and 240Pu (approximated by a rational function). In 
the predictor-corrector method, the depletion is performed twice – using the spectrum at 
the beginning and at the end of the timestep. Average isotope number densities between 
these two calculations are then used as initial values for the subsequent burnup step.  A 
time step can be divided into several micro-steps without recalculating the reaction rates 
in order to improve the numerical accuracy of the depletion calculation. 
The results of the BOXER computer code, suggested for use in the analysis of 
fertile free matrix fuels, were compared with MCNP results for different Pu loadings and 
cross section libraries. The criticality prediction difference between BOXER and MCNP 
ranges between 0.13 and 0.37% depending on the cross section library and Pu loading. 
The absorption rates in Zr, 240Pu and 242Pu isotopes were identified as major contributors 
to the discrepancy in criticality prediction. Relatively large Zr contribution to the total k-
infinity prediction difference is due to the large Zr concentration in the fuel matrix as 
compared to a typical UO2 fuel where Zr presents only in the cladding. The relative error 
introduced by the Zr cross section data uncertainty decreases with an increase of Pu v/o 
and related hardening of the neutron spectrum (Figure 2). This is expected to introduce 
additional uncertainty in evaluation of Moderator Temperature and Void reactivity 
feedback coefficients as pointed out in Reference 1. Validation of BOXER computer 
code with respect to the accuracy of reactivity coefficients evaluation necessary for 
performing Task 3 of this program will be performed in the next stage. Analysis of the 
energy dependent differences for major isotopes presented in this report will provide a 
starting point for these studies.  
The fuel assembly benchmark case tested the capabilities of 2D transport module of 
the BOXER code. We observed reasonable agreement in criticality prediction of the 
standard 17x17 PWR fuel assembly between BOXER and MCNP - on the order of 0.2% 
∆ρ. The fuel assembly local pin power distribution predicted by the two codes is within 
2% discrepancy. 
 In conclusion, the performed benchmark calculations confirmed that the BOXER 
code is suitable for the scoping studies of plutonium in fertile free matrix fuel designs. 
The BOXER code predicts criticality, reaction rates and power distribution in fuel 
assembly with accuracy sufficient for the purposes of this study. 
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Figure 2: Absorption rates in Zr in 70 energy groups 
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